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Summary
Objectives: This study was conducted to identify the potential risk factors for human brucellosis
infection in Samarqand, Uzbekistan.
Methods: Clinically identified cases admitted to different hospitals during 2004—2006 (N = 144),
and age-, sex- and residence-matched control patients (N = 288) with other unrelated conditions,
were included in this study. Structured questionnaires were completed and consent forms signed.
Patients and controls were tested on site for Brucella infection by standard tube agglutination
test and culture. Statistical analyses were performed with Stata software for univariate and
multivariate analysis.
Results: Among the 144 patients with confirmed brucellosis, 137 (95.1%) owned farm animals,
135 (93.8%) were from rural areas, and 119 (82.6%) were enrolled during the animal breeding
season. Multivariate analysis indicated that brucellosis was highly associated with contact with
aborted animals (adjusted matched odds ratio (AMOR) 87.19, 95% confidence interval (CI) 9.36—
911.85; p < 0.001), slaughtering/butchering animals (AMOR 35.35, 95% CI 6.25—199.77;
p < 0.001) in the household, consumption of raw milk (AMOR 54.13, 95% CI 1.98—1476.13;
p = 0.018), and being in a family that had brucellosis sharing the same exposure (AMOR 15.93,
95% CI 1.37—184.97; p = 0.027).
Conclusions: To reduce the burden of brucellosis in Samarqand Oblast, veterinary services should
be improved. Also public health education programs should be increased. Implementing these
measures will minimize exposure to infected farm animals and reduce the risk of infection.
Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.* Corresponding author. Tel.: +1 202 342 8505; fax: +1 202 342 7121.
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Brucellosis is a zoonotic bacterial infection that is a serious
public health problem worldwide. The natural animal hostsSociety for Infectious Diseases.
Figure 1 Study sites in Samarqand Oblast.
750 K. Earhart et al.are respectively cattle, goats and sheep, swine, and dogs.
The infection is increasing in certain parts of the world,
especially in developing countries of the Mediterranean
Region, Middle East, Central Asia, Western Asia, and parts
of Africa and Latin America.1
Brucellosis is transmitted through contaminated and
unpasteurized milk and milk products or by direct contact
with infected animals or animal carcasses. Abortion materi-
als, uterine exudates, and colostrum are highly infectious.
Primary routes of infection include penetration of the oral or
gastric mucosa through ingestion of unpasteurized or con-
taminated dairy products, inhalation and penetration of the
ocular mucosa, or through direct inoculation into the blood-
stream through abrasions in the skin or vaccination. Occupa-
tional exposure to animals or animal products is the most
common risk factor for brucellosis. Abattoir workers, farm or
dairy workers, veterinarians and veterinary assistants, as
well as healthcare and laboratory workers are well-recog-
nized risk groups.2,3
Uzbekistan gained independence with the collapse of the
Soviet Union in 1992 along with other states in the Central
Asian Region. Uzbekistan has a population of 23 million,
divided into 12 oblasts and one independent republic. Over
two-thirds of Uzbekistan, mostly in the west, is steppe and
desert. The landscape is a combination of plains and moun-
tains. Most of the plains are located in the southwest where
Samarqand lies. Samarqand is a large oblast with five diverse
ecologic regions. The total population of Samarqand Oblast is
2 850 199. Significant health risks exist in the region related
to inadequate public health sanitation systems and veter-
inary services. Estimating the burden of human disease
related to brucellosis in Uzbekistan is challenging due to
limited laboratory capacity and surveillance for the disease
that is hospital-based. There is frequent underreporting of
data at the national levels.
US Naval Medical Research Unit No.3 (NAMRU-3) in colla-
boration with the Uzbekistan Ministry of Health (MOH) con-
ducts enhanced surveillance for acute febrile illness (AFI) at
six district fever hospitals in Samarqand Oblast. A total of 726
AFI patients were evaluated from 2002 to 2003 (unpublished
data). Brucellosis was diagnosed (by culture or positive
standard tube agglutination test (SAT), which measures total
immunoglobulin) in 154 patients (21.2%). This study was
conducted to identify the risk factors for brucellosis among
residents of Samarqand Oblast in order to propose prevention
strategies based upon findings.
Patients and methods
Study sites
Participating hospitals were in five districts including Samar-
qand City within Samarqand Oblast (Figure 1).
Study population
Case subjects were febrile patients 10 years of age
admitted to the participating hospitals in Samarqand Oblast
with clinically diagnosed brucellosis (mainly those with fever
>37.5 8C for >5 days, headache, and arthralgia) and con-
firmed positive for brucellosis with an antibody titer 100 bySAT. Additionally, samples positive by SATwere processed for
culture on trypticase—soy broth (Difco). Two control subjects
per case were selected for participation in this study. The
control subjects were identified and enrolled from patients
who tested negative for brucellosis by serology and who were
admitted to participating hospitals in Samarqand Oblast
during the same time period. All control subjects were
matched with cases by age group, sex, and area of residence.
Enrolment of patients and controls was started in September
2004 and continued until May 2006.
Structured questionnaires were administered to patients
and controls. The questions included demographic data, type
and frequency of animal exposures, and consumption of meat
and dairy products. Study protocol #165 was approved by the
NAMRU-3 Institutional Review Board.
Sample size
From our previous data (unpublished) we expected brucellosis
to be transmitted through multiple vehicles and abetted by
multiple risk factors in Samarqand. An exposure strongly asso-
ciated with brucellosis was found to be animal contact (sheep
prevalence rate (PR) = 5.8) prior to the onset of illness, hand-
ling an aborted animal (PR = 3.9), and slaughtering animals
(PR = 3.0), representing 85%, 46%, and 40% of the cases respec-
tively (vs. 35%, 7%, and 9% for the controls). Drinking unpas-
teurizedmilk hada lowerbut still significantPRof 1.7.Basedon
a power of 80%, confidence limits of 95%, and using multiple
exposures as risk factors,weestimated that up to150cases and
300 controls should have adequate power for all risk factors.
Data analysis
Statistical analyses were performed with Stata software.
Univariate analysis was carried out by computing the
matched odds ratios (MOR) and their 95% confidence intervals
(CI) to compare cases and controls for each variable. Multi-
variate analysis was conducted through conditional logistic
regression to identify specific animal or food exposures
independently associated with brucellosis. The level of sig-
nificance was set to <0.05.
Results
Of 144 patients with brucellosis enrolled in the study, 119
(82.6%) became ill during February—June with the highest
number of illnesses in April (Figure 2). The age of brucellosis
Figure2 Seasonal distributionof patients over the study period.
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years. The median age of the controls was 26 years. Of the
144 patients, 120 (83.3%) were male, 139 (96.5%) of Uzbek
ethnicity, and 135 (93.8%) were from rural areas. A signifi-
cantly lower number ( p < 0.001) of brucellosis patients
reported having a telephone and/or car compared to those
in the control group. One hundred thirty-seven (95.1%)
patients reported owning farm animals at home, which
was significantly ( p < 0.001) higher than in the control group
(74.7%) (Tables 1 and 2). Among the brucellosis patients who
owned animals, 91.1% owned cattle and 88.2% owned sheep.Table 1 Demographic data of brucellosis patients and control su
Characteristic Brucellosis patients (N = 14
Age (years)
Mean  SD 28.7  13.5
Median (range) 25 (10—74)
Sex
Male 120 (83.3)
Female 24 (16.7)
Marital status
Married/ex-married 68 (47.2)
Single 76 (52.8)
Residence
Urban 9 (6.2)
Rural 135 (93.8)
Ethnic group
Uzbek 139 (96.5)
Tadjik 2 (1.4)
Arab 2 (1.4)
Missing 1 (0.7)
Animal owned 137 (95.1)
Own refrigerator 109 (75.7)
Own TV 143 (99.3)
Own telephone 15 (10.4)
Own car 24 (16.7)
Has tap water 67 (46.5)
Results are n (%) unless otherwise stated.Univariate analysis indicated that exposure to animals at
home (MOR 23.9, 95% CI 5.7—100; p < 0.001), handling
aborted animals (MOR 66.8, 95% CI 16.4—272.5; p < 0.001),
slaughtering/butchering (MOR 18.1, 95% CI 7.82—41.88;
p < 0.001), and processing raw milk (MOR 3.22, 95% CI
1.68—6.17; p < 0.001) were highly significantly associated
with the risk for brucellosis. Additionally, exposure to animals
at work, milking animals, and consuming raw milk or milk
products were also associated with the risk for brucellosis
(p = 0.001 and 0.002) (Table 3).
Multivariate analysis indicated that handling aborted
animals (MOR 87.19, 95% CI 9.36—911.85; p < 0.001) and
slaughtering/butchering animals (MOR 35.35, 95% CI 6.25—
199.77; p < 0.001) were the highly significant risk factors
for having brucellosis. Consuming raw milk, a family mem-
ber having brucellosis, and milking animals were found to
be of lower significance ( p = 0.018, 0.027, and 0.035,
respectively) (Table 4). Consuming raw milk products,
exposure to animals at home or work, and processing
raw milk products were found not to be significant risk
factors.
Discussion
The majority of brucellosis cases occurred during February—
May, which is the birthing season for farm animals. In thisbjects
4) Controls (N = 288) p-Value
29.0  12.9 0.574
26 (11—80)
240 (83.3) 1.00
48 (16.7)
127 (44.1) 0.608
161 (55.9)
25 (8.7) 0.487
263 (91.3)
270 (93.8) 0.579
4 (1.4)
9 (3.1)
5 (1.7)
215 (74.7) <0.001
239 (83.0) 0.067
279 (96.9) 0.213
79 (27.4) <0.001
99 (34.4) <0.001
145 (50.3) 0.518
Table 4 Multivariate conditional logistic regression analysis of risk factors for brucellosis
Variable Adjusted MOR 95% CI p-Value
Family member had brucellosis 15.93 1.37—184.97 0.027
Animal exposure at home 4.95 0.81—30.24 0.083
Animal exposure at work 2.91 0.30—27.82 0.353
Handling aborted animals 87.19 9.36—911.85 <0.001
Slaughtering/butchering animals 35.35 6.25—199.77 <0.001
Milking animals 7.66 1.15—50.93 0.035
Processing raw milk products 3.67 0.76—17.75 1.105
Consuming raw milk 54.13 1.98—1476.13 0.018
Consuming milk products made with raw milk 7.23 0.86—60.37 0.068
MOR, matched odds ratio; CI, confidence interval.
Table 2 Univariate conditional logistic regression of demographic risk factors for brucellosis
Variable Brucellosis patients Controls MOR 95% CI
Uzbek ethnicity 139 (96.5) 269 (93.4) 2.88 0.77—10.70
Rural residence 135 (93.8) 263 (91.3) 1.79 0.64—4.95
Brucellosis beforea 3 (2.1) 0 (0)
Family member had brucellosis 29 (20.1) 8 (2.8) 17.51 5.30—57.79
Woman had miscarriageb 1 (0.7) 0 (0)
Results are n (%) unless otherwise stated. MOR, matched odds ratio; CI, confidence interval.
a p = 0.001.
b p = 1.00.
Table 3 Univariate conditional logistic regression analysis of animal and food exposure as risk factors for brucellosis
Variable Brucellosis patients Controls MOR 95% CI p-Value
Animal exposure
Animal exposure at home 137 (95.1) 214 (74.3) 23.9 5.7—100.0 <0.001
Animal exposure at work 13 (9.0) 5 (1.7) 6.15 1.99—18.9 0.002
Handling aborted animals 74 (51.4) 13 (4.5) 66.8 16.4—272.5 <0.001
Slaughtering/butchering 99 (68.8) 83 (28.8) 18.1 7.82—41.88 <0.001
Milking animals 34 (23.6) 42 (14.6) 3.6 1.6—8.1 0.002
Food exposure
Processing raw milk products 52 (36.1) 69 (24.0) 3.22 1.68—6.17 <0.001
Consuming raw milk 20 (13.9) 5 (1.7) 35.04 4.7—262.5 0.001
Consuming milk products made with raw milk 22 (15.3) 11 (3.8) 12.5 2.9—54.8 0.001
Results are n (%) unless otherwise stated. MOR, matched odds ratio; CI, confidence interval.
752 K. Earhart et al.season, Brucella can be excreted in high numbers from
infected animals, and the likelihood of exposure to infected
animals increases. Similar trends were observed in Kyrgyz-
stan in 2003.4
Handling aborted animals/products and slaughtering/
butchering of infected animals were found to be the inde-
pendent risk factors for having brucellosis in Samarqand,
Uzbekistan.5 This is in agreement with the risk factors
recorded in Kyrgyzstan.4 Person-to-person transmission of
infection among families having an index case of brucellosis
was also recorded in the study, in agreement with previously
published data.6,7 Consuming raw milk and milking animals
could be considered additional risk factors for having bru-cellosis. Being of Uzbek nationality was significantly asso-
ciated with brucellosis.
Increased government efforts are necessary to improve
education regarding risk factors for brucellosis transmission,
especially in rural areas, where human contact with domestic
animals is widespread. Brucellosis in Samarqand Oblast is
probably spread among home-owned animals and through
homemade milk products that have not been adequately
boiled, obtained from bazaars or neighbors. The spread of
brucellosis in farm animals might be attributable to the
privatization of collective farms. Collective farm animals
are distributed among small private farms; families who
own these animals may disregard or not be aware of the
Risk factors for brucellosis, Uzbekistan 753sanitary and health requirements necessary to prevent trans-
mission of brucellosis to humans. A probable consequence of
privatization of the animal sector together with inadequate
veterinary services is the increased number of people slaugh-
tering/butchering animals and exposed to aborted animals.
In addition, persons who own animals might not seek veter-
inary services when required because of fears that they may
lose their source of income.
These findings were discussed with MOH officials and were
presented at a local conference attended by representatives
from all public health and veterinary services in Uzbekistan.
Public health and veterinary officials in Uzbekistan have
determined that the best approach to reduce the country’s
brucellosis burden is to focus their resources on improving
health education. Preventionmessages are delivered through
the conference and focus on the use of protection methods
(e.g., wearing protective clothes, especially when assisting
in deliveries and having sick or aborted animals checked by a
veterinarian) during contact with animals and adherence to
adequate sanitary standards (e.g., boiling or pasteurizing)
when processing milk and milk products.
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